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➡ BELLE and BABAR collected 1.5 ab–1 of data together and  

‣ confirmed CKM mechanism as CPV source in Standard Model (SM) 
‣ observed new hadrons 
‣ searched for rare decays 
‣ investigated τ physics 
‣ … 

➡ Still a lot of observations are not accommodated in the SM 
(neutrino mass, dark matter, size of the observed CP violation, …) 

➡ Need a significantly larger data sample to open windows on New 
Physics (NP) 

‣ flavour physics provides a beyond-TeV-scale probe 

Flavour Physics @ B Factories

2

BELLE ⊕ BABAR	


𝓛 =1.5 ab–1

LHCb	


upgrade	
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➡ Target luminosity is 𝓛 = 8x1035 cm–2s–1 
(x40 w.r.t. BELLE) 

➡ Achievable in the nano-beam scheme 
(P. Raimondi for SuperB) 
‣ double beam currents 
‣ squeeze beams @ IP by 1/20

High-Luminosity Asymmetric B Factory
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factors

parameters
KEKB SuperKEKB

units
LER HER LER HER

beam energy 3.5 8 4 7 GeV

CM boost 0.425 0.28

half crossing angle 11 41.5 mrad

horizontal emittance 18 24 3.2 4.6 nm

emittance ratio 0.88 0.66 0.37 0.40 %

beta-function at IP 1200/5.9 32/0.27 25/0.30 mm

beam currents 1.64 1.19 3.6 2.6 A

beam-beam parameter 129 90 0.0881 0.0807

beam size at IP 100/2 10/0.059 µm
Luminosity 2.1x10

Eb

βγ
φ
εx

κ
βx*/βy*

Ib
ξy

σx*/σy*

𝓛 8x1035 cm–2s–1
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➡ Target luminosity is 𝓛 = 8x1035 cm–2s–1 
(x40 w.r.t. BELLE) 

➡ Achievable in the nano-beam scheme 
(P. Raimondi for SuperB) 
‣ double beam currents 
‣ squeeze beams @IP by 1/20

High-Luminosity Asymmetric B Factory
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factors

reduced CM boost

๏ reduced vertex separation, Δt resolution 

๏ increased detector hermeticity

squeezed beams @ IP

๏ greatly improved constraint 
for decay chain vertex fitting

x40 luminosity
๏ higher background rates (~10-20x) 
‣ detectors occupancy, radiation 

damage, fake hits, pile-up noise in 
the calorimeter 

๏ higher event rate 
‣ higher trigger rate, DAQ, computing  

๏ x40 produced signal events cm–2s–18x1035
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e- 2.6 A

e+ 3.6 A

Damping ring
Positron source

New positron target / 
capture section

Low emittance e– 

to inject

Low emittance e+ 

to inject

New beam pipe 
& bellows

Belle II

New IR

Add / modify RF systems 
for higher beam current

SuperKEKB Status
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Low emittance gun

TiN-coated beam pipe with 
antechambers

Redesign the 
lattices of 
HER & LER to 
squeeze the 
emittance 

Colliding bunches

New superconducting /
permanent final focusing  
quads near the IP

increase wiggler cycles

expected completion by the end 2014

New LER & 
HER wiggler 
cavities 
installed

✔

Damping 
Ring built 
and buried

✔

Longer 
LER 

dipoles 
magnets 
installed✔

to reduce 
Synchrotron 
radiation ( Japanese Fiscal Year)
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The Belle II Detector
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5.0 m

7.4 m

electrons (7 GeV)

positrons (4 GeV)

Particle Identification 
Time-of-Propagation counter (barrel),  	


Proximity focusing Aerogel Cherenkov 
Ring Imaging detector (forward)

KL & μ Detector 
Resistive Plate Counter	


  (barrel outer layers), 	


Scintillator + WLSF + MPPC	


  (end-caps, inner 2 barrel layers)

EM calorimeter 
CsI(Tl), waveform sampling 
electronics (barrel)	


Pure CsI + waveform sampling 
(end-caps) later

Vertex Detector 
PXD: 2 layers Si pixels (DEPFET), 	


SVD: 4 layers double sided Si 
strips (DSSD)

Central Drift Chamber 
He(50%):C2H6(50%), 
smaller cell size, 	


long lever arm,	


fast electronics

Wire 
Stringing is 
complete

✔

barrel KLM


installed

✔
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➡ B Factory advantages over hadron collider detectors: 
‣ clean event environment   

‣ high trigger efficiency 

‣ high-efficiency detection of neutrals (γ, π0, η, η’, …) 

‣ many control samples to study systematics 

‣ good kinematic resolution (Dalitz plots analysis) 

‣ missing energy and missing mass analysis are 
straightforward

The B Factory Belle II & Improvements
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IMPROVEMENTS wrt BELLE

‣ IP and secondary vertex resolution 

‣ KS and π0 reconstruction  

‣ K/π separation 

‣ PID and µ ID in the end caps

+ CDC

bkg:
sig:
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➡ Full Reconstruction of the tag-side: 

‣ signal-side: weak signature e.g. B+→ τ+ν 

‣ semileptonic tag: ε~1.5%, more bkg, no pB 
reconstruction 

‣ hadronic tag: ε~0.2%, less bkg (purity ≈ 20%),      
pB reconstruction 

➡ Inclusive Reconstruction of the tag-side: 

‣ signal-side: strong signature e.g B+→ µ+ν, apply 
PID and measure pµ  

‣ ignore details, measure inclusive observables 

‣ higher efficiency but more bkg

B Physics at a B Factory
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sig
na

l-s
id

e
ta

g-
sid

e

e– (7 GeV) e+ (4 GeV)

Y(4S)	


βγ = 0.28

B

B

➡ effective offline B meson beam 

➡ high-efficiency flavour/charge tagging 

➡ high performances in channels with 
missing energy (can exclude decay 
products of one B from further analysis)

✔

M. Feindt et al., NIM A 654, 432 (2011)

NeuroBayes algorithm:	


x2 signal, same purity

Full Reconstruction Improved:
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Belle II ~ LHCb Physics Reach
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Y. Kwon@BEAUTY2014

✓ nice complementarity 
between LHCb and 
BelleII 

✓ some channels with 
comparable precision
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➡ Belle II will continue improving the constraints of 
the CKM Unitary Triangle 

The Unitary Triangle
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β,ϕ1

α,ϕ2

γ,ϕ3

VtbVtd*

VubVud*

VcbVcd*

CPV

Experiment

very precise

precise

moder. prec.

50 ab–1

Theory

clean

clean/LQCD

moder. prec.

ANGLES BELLE/WA Belle Theory

1.4º / 0.8º 0.4º

- / 4º 1º

14º / 8.5º 1.5º

β, ϕ1

α, ϕ2

γ, ϕ3

SIDES BELLE Belle Theory

1.7% 1.2%

2.2% 1.4%

7% 3.0%

8% 2.4%

14% 3.0%

|Vcb| incl

|Vcb| excl

|Vub| incl

|Vub| excl

|Vub| lept
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Is there another CP Violating phase?
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dominated by vertex resolution	


(expected improvement by 

factor 3)

The expected precision is good enough 
to distinguish different theory models

B0 ! J/ K0
B0 ! �K0

B0 ! ⌘0K0

B0 ! K0K0K0

dN

dt
= e��t

[1 + q(A cos(�mt) + S sin(�mt))]

vs

0.008

0.033

0.018
0.011

0.008

S(K0K0K0)

S(�K0)

S(⌘0K0)

S(J/ K0)

d

b

d

s

s̄

s

d

b

d

s

c̄

c
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➡ In helicity-changing NP models there may be an enhancement of the helicity-suppressed 
amplitude. 

➡ For B0 → KS π0 γ we expect: 

‣ Standard Model 

!
‣ Left-Right symmetric models:

➡ Particular NP scenario can be tested in b→sγ and b→dγ transitions

Looking For Right-Handed Currents
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S(KS⇡
0�)

S(⇢0�)0.07

0.035

dN

dt
= e��t

[1 + q(A cos(�mt) + S sin(�mt))]

NOTE:	


• the final state is different (γL ≠ γR) → indirect CPV only contribution	


• we do not measure the helicity of γ

b

s

�R

b

s

�L

and

dominant helicity suppressed (ms/mb)

SM:

SSM
KSp0g

= �2 ms
mb

sin(2b) ⇠ �0.03

SLR
KSp0g

= 0.67 cos(2b) ⇠ 0.5
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Looking for a Charged Higgs: B+→𝜏+𝜈
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W+

u

b̄

t+

nt

H+

u

b̄

t+

nt

+

➡ tag-side: fully reconstructed B with both 
hadronic and semileptonic tags 

➡ signal-side: one charged track (µ,e,π) + 2𝜈 

➡ fit energy distribution in the calorimeter:

signal

154 ± 36 
3.6σ 

B = BSM ⇥
 

1 � m2
B

tan2 b

m2
H±

!
2-Higgs doublet model:

SM contribution 
helicity-suppressed NP contribution

BELLE

W± H±

BSM = (1.11±0.28)x10–4   vs  BHFAG = (1.14±0.22)x10-4!
• fB = (191±9) MeV (HPQCD, PDG12)!
• |Vub| = (4.15±0.49) 10–3 (PDG12)
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Looking for a Charged Higgs: B+→𝜏+𝜈
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W+

u

b̄

t+

nt

H+

u

b̄

t+

nt

+B = BSM ⇥
 

1 � m2
B

tan2 b

m2
H±

!
2-Higgs doublet model:

SM contribution 
helicity-suppressed NP contribution

➡ Belle II can also test lepton flavour universality: Rt` = G(B!`n)
G(B!tn) , ` = e, µ

W± H±
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Belle II Projection

dominated by the 
normalisation of the tag side ~3-5%
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]-1Integrated Luminosity [ab
1 10

) [
%

]
ντ

(*
)

 R
(D

δ

2

10

)ν τ 
*

 D→R(B 

)ν τ D →R(B 

Belle II Projection

➡ The most recent result (BABAR) shows an 
unexpected excess over the SM of ~3.4σ     
[R(D*) + R(D) combined] 

➡ Belle II will be able to confirm the excess 
already with 5 ab–1

The Charged Higgs in B→D(*)𝜏𝜈
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2-Higgs doublet model:

B = BSM ⇥ mW±

⇣
tan b
mH±

⌘

d

b̄

d

c̄

nt

t

d

b̄

d

c̄

nt

t

+
W– H–

➡ Experimentally hard: signal is not a peak on a 
smooth bkg

➡ observable: R = Br(B!D(⇤)tn)
Br(B!D(⇤)`n) ~3.5%

~2%

BABAR
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➡ Theoretically very clean since there are no long-distance contributions from 
vector resonances (no charged leptons in the final state) 

Rare Decays: B→h(*)𝜈𝜈
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Wb

Z

se.g.: B→K(*)𝜈𝜈 highly 
sensitive to Z penguin 
processes

extrapolations 
based on hadronic 
tag reconstruction 

techniques

SM BR

0.7 ab–1
5 ab–1
50 ab–1

B+ ! K+nn̄

B0 ! K0nn̄

B0 ! K⇤0nn̄
B0 ! p0nn̄

B+ ! p+nn̄

+ … + NP?

UL on BRANCHING RATIOS UL on BRANCHING RATIOS

0.7 10–5

1.2 10–5

0.7 10–5

1.2 10–5

0.8 10–5
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Charm Physics @ a B Factory
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➡ No coherent production of the D0 – D0 state:  

‣ no access to strong phases  

‣ D0 flavour tagging with D*+ decays (lower 
efficiency, higher purity w.r.t. untagged D0) 

➡ Time-dependent analysis are possible assuming 
that D are produced at the interaction point  

!

!
➡ D full reconstruction for neutrinos and inclusive 

analyses (precise test of LQCD and NP searches in 
(semi)leptonic decays)

D0 (cu) + X

D*– (cd) + X’

e+ e–

๏ average D0 flight length l ≈ 200 µm 

๏ average proper time error ≈ 0.25 ps 

๏ p*(D0) > 2.5GeV/c removes 98% of D 
from B decays

t = `/(��c)

BELLE
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Charm Mixing & Indirect CPV
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u c

c̄ ū

SM:

short-distance

+

long-distance

W±

Vqc Vqu

+ NP? SM dominant,!
hard to compute

mixing: CP Violation:

now
now

Golowich et al., 
PRD76, 095009 (2007)

are the free-hamiltonian eigenstates 
of masses m1,2 and widths Γ1,2

|D1,2i
D̄0 = p|D1i � q|D2i
D0 = p|D1i+ q|D2i

CPV in 
mixing

CPV in the 
interference"

of decays with"
and without"

mixing

no mix

no CPV

x = m1�m2
G

y = G1�G2
2G

G = G1+G2
2

virtual quarks 
are down-type!

the measurements 
constrain NP Models
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Charm Mixing & CPV @ Belle II
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(|q/p|,φ ) = (0.9, 0)(x,y) = (0.8, 0.7)

50 ab–1

Golowich et al., 
PRD76, 095009 (2007)

no mix

no CPV

mixing: CP Violation:
CPV in 
mixing

CPV in the 
interference"

of decays with"
and without"

mixing

D0 ! K�p+

D0 ! K(⇤)�`+n

D0 ! K+K�, p+p�

D0 ! KSp0

D0 ! K�p+

50 ab–1

Belle II	


projection	



vs	


BELLE	



measurement

➡ All measurements will be essentially limited by the systematic error

NOTE: only the 
significant figures are 
reported in the plots

D0 ! KSp+p�

x = m1�m2
G

y = G1�G2
2G

G = G1+G2
2

= no mixing/CPV

the measurements 
constrain NP Models

|f| f

��� q
p

���

s⇠0.04%

s⇠0.03%
s⇠0.11%

s⇠0.04%

s⇠0.04 s⇠0.07

s⇠0.06

s⇠0.05%

s⇠0.08%s⇠0.22 10�4
s⇠0.3 10�4RM/10�4

x

02
/10�4

x/10�2

y
/10�2y0

/10�2

AM/10�2
yCP

/10�2

AG/10�2
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D0 ! p0p0

D0 ! KSp0

D0 ! KSh

D0 ! KSh0

D0 ! p+p�p0

D0 ! K+p�p0

D+ ! p+h

D+ ! p+h0

0.08%

0.03%

0.07%

0.09%

0.12%

0.4%

0.14%

0.14%

➡ Experimental observable: 

"
➡ Belle II initial state is symmetric under CP  

➡ Belle II will give its major contribution in channels with 
neutrals in the final state 

➡ Most measurements will be limited by the systematic error 

‣ K0/K0 different interaction with matter → 0.02% 
irreducible systematics in modes with KS 

‣ CPV in the K0 system to be accounted for in the final 
asymmetry (true also for mixing analysis) 

➡ Direct CPV sensitivity may reach a few in 10–5 in some cases!

Time-Integrated CPV in Charm

20
(Isidori, Kamenik PRL109 171801)

Belle II sensitivity at 50 ab–1 ≈ 1% 

Belle II	


projection

BELLE	


measurement

vs

other interesting channels:"
• D+→π+π0"

• D0→KSKS

‣ Direct CPV in radiative decays can be enhanced above 1% 
- D0 → ϕ𝝲 ACP up to 2 % 

- D0 → ρ𝝲 ACP up to 10%

σ(ACP):

= no CPV

ACP = N(D! f )�N(D̄! f̄ )
N(D! f )+N(D̄! f̄ )
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Conclusions
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➡ Flavour Physics will continue to play a fundamental role in 
the process of understanding Nature in the next decade 

➡ Belle II has a rich physics program, complementary to the 
one of LHCb. Both experiments are needed to shed light on 
the physics beyond the SM. 

➡ SuperKEKB construction will be completed by ~ mid 2015. 
Belle II construction is ongoing, the first physics run is 
expected in 2017, 50 ab–1 expected by 2023.

NOTE: more on the physics program at Super B-factories in 
   arXiv: 1002.5012 (BelleII) 
   arXiv: 1008.1541 (SuperB) 
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Thank You!

The Belle II Collaboration

597 collaborators, 97 institutes, 23 countries

march 2014


